








































































































































































































































































ﬀﬂﬁﬃ! #"%$'&)(+*, .-/$#01 2ﬃ43657' 8"9*,$#:<;=?> 2ﬃ! 2&(% A@,5#BC3,Dﬀ E"F$#G4;57(H5I"Jﬁﬀ(H5#K,Dﬀ CGL$'ﬃ
BCﬀ@ #;M /> #-N(H"OBC$;= 2DP"/QSRT*, U;57(H5V5#ﬃ! %(W57X1 2&VGLﬃ!$'BY;Z> 2ﬃ! A&=(O[6 2DP;,"\:O* 2ﬃ! BCﬀ@ #;
 /> #-/(H"TB]$;= 2D^"57ﬃ+ _`&V3,ﬃH5'-/(!P-257Daﬁ6"9 1QTb57K6 2D` #;cGLﬃ+$ﬂB<(+$ﬂ3V$7Gd3657' %(!* #"J 57ﬃ+ 1e
f
Qgh #;=P-/ﬀ&, ie











gh #5ﬂ"9ﬁ,ﬃ! ABC 2&(U$7GU|ﬀ AD^;)`&(+ 2&(9|=36 #"$7GU:O`&=(+ 2ﬃC:O*, E57(2Sﬁ,&6;= Aﬃh;Z> 2ﬃ! A&=(










j\ A3k E57(! E;mBC E5ﬂ"Jﬁﬃ! 2BC A&1(a$7Ga&ﬀ(!ﬃ+$ﬂ' 2&CDﬀ A01 2D^"aﬀ&U(+*, pghP"!"9^"!"9ﬀ3,3,ﬃ!`01 2ﬃ2Qnp5#(H5
57ﬃ+ %GLﬃ!$ﬂB} A@,5#BC3,Dﬀ 4oQ
Ł







;=?> 2ﬃ! 2&(O4uC"9(H5#(! #"O$#01 2ﬃO(!`BC 1Qnp57(W5M5#ﬃ! 4GLﬃ!$ﬂB
 2@57BC3,D` 





57ﬃ!P57(+ﬀ$ﬂ&U$#G(!*,P-X&, #"+"$#G"J`DﬀP-/$ﬂ&$ﬂ&U:O52GL 2ﬃH"w`&U"J ABC,-N$ﬂ&6;=ﬁq-/(!$'ﬃw3,ﬃ!$;ﬁ6-/(!`$ﬂ&
~GL$'ﬃ%;Z> 2ﬃ! A&=("J`(! #"45#&6;	:O52GL 2ﬃH"

Q]d@57B]3,Dﬀ %GLﬃ+$ﬂB}o,Qoh`&)us4u8"9|,"9(! 2BYGL$'ﬃ

















,ﬃ!$'BY5#&8 #57ﬃ+Dﬀ|.57' 1atO*65201 57Dﬀ:ª52|,"K6 2 A&hﬀ&(! Aﬃ! #"9(! #;Vﬀ&
ﬃ+ #"J #5#ﬃH-H*57&6;%BV5#&a«¬"a­1ﬁ, #"9(GL$'ﬃwK6 2(!(+ 2ﬃX=&,$#:OD` #;=ﬂ ª57K6$ﬂﬁ(®(+*, 
:$ﬂﬃ!DP;z5#ﬃ!$ﬂﬁ&6;z*,ﬀB¯Qgh|[6ﬃH"9(Cﬀ&(!ﬃ+$;=ﬁ6-/(+ﬀ$ﬂ&°(!$±"9(H5#(!^"9(!P-2"
-25#BC :O*, 2&±t4:O5ﬂ"U5#(U(!*, .5#ﬂ V$7G(9:T 2D`01 157&6;:O5#&=(+ #;(!$
D` #57ﬃ+&	BC$'ﬃ! 5#Kk$'ﬁ,(%(+*, 0ﬂ5#ﬃ!P57(!`$ﬂ&6"4$7G"9 #57K,`ﬃH;836$ﬂ3,ﬁ,DP57(+ﬀ$ﬂ&q"
5#ﬃ!$ﬂﬁ&6;_B|O3657ﬃ+ 2&(H"a*,$ﬂﬁ6"9 O5#(w E"J$;,;= A&M~v$ﬂﬃ+:O52|

QtkBV5';= 
5;= #"9ﬀﬂ&.:O*, 2ﬃ+ UtO-/$'ﬁ,&=(+ #;(+*, U"9 #57KﬀﬃH;"\`&85"J36 #-/?[-%5#ﬃ! #5
2¨
{(!ﬀB] #"M5: 2 2XQ²`(!*³(!*,P"C;= #"9ﬀ'&a4tC-/$'ﬁ,&=(+ #;zK,`ﬃH;,"
GL$'ﬃV5Dﬀﬀ(+(!D` h$#01 2ﬃ$ﬂ&, I|1 #57ﬃAS57&6;BM|{3657ﬃ+ 2&=(W"C(H57ﬁﬂ*(B] 
5#Kk$'ﬁ,(TB] #57&a#BC #;^57&5#&6;"J$ﬂB] O$ﬂ(!* 2ﬃ"J(H5#(!P"J(!P-257DBC 2(!*$;,"
"9ﬁ,ﬀ(W57K,D` dGL$'ﬃ;=ﬃH52:O`&,p-N$ﬂ&6-/D`ﬁ6"J`$ﬂ&6"GLﬃ!$'BB|BV5#(! 2ﬃ+^5#DQ`(!*
B|4ﬀ&(! 2ﬃ+ #"J(w`&M&q57(!ﬁﬃ! 1 201 2ﬃ!|K6$;=|U(!*$ﬂﬁ,'*=(ªtr:O5'"®ﬂ$'ﬀ&,(!$
K6 #-/$'BC 5pK,ﬀ$'Dﬀ$ﬂ'^"9(2ﬂK,ﬁ(rGv57(+ :ª57&(! #;4ﬀ(5#&,$ﬂ(+*, 2ﬃ:O52|1Q´s&6;
D`$1$ﬂXﬀ&,UK65'-X]$ﬂ&, 4BV52|]57D^"9$C"9 2 "J$'BC 4"J`ﬂ&6"O$7Gd5-/$ﬂBC`&,U"9(H5#(!^"9(!P-/^5#&aQ
u1 201 AﬃH57D|1 #57ﬃW"%D^5#(! 2ﬃATt57(!(+ 2&6;= E;)5I"J(W57(+^"J(+^-25#DS-/$ﬂﬁﬃH"J .5#(M(+*, .&,ﬀ01 AﬃH"J`(9|8$7G
µ
"JD`$,5#&6;±"J$1$ﬂ&°ﬃ! #5#Dﬀ`¤2 #;8(!*65#(U(!*,P"_:O5'"U57&°^;= #5#D:O52|	GL$ﬂﬃBC (!$I-/$'BMK,`&, UB|
`&=(+ 2ﬃ! #"9(r`&573,3Dﬀﬀ E;_BV5#(!*, 2Bc57(!P-2"/2`&=GL$ﬂﬃ+BV57(+ﬀ$'&U(! #-H*,&,$'Dﬀ$ﬂ'|57&6;Uﬂ 2& 2ﬃH5#Dkﬃ+ #"J E5ﬂ-H*aQ
b57(+ 2ﬃ2:O*,`Dﬀ .t_:ª5ﬂ"%(! E5ﬂ-H*,ﬀ&,I5#(M(+*, 8u1 #-/(+ﬀ$'&)$#G4gh E;=^-25#Du1(W57(+^"J(+^-2"NTt4:O5'"
`&=(+ﬃ!$;=ﬁ6-N #;	(!$I 2(!(+ 2ﬃMb5'57X1 1:O*,${"J*,$#:T E;¶B] M*,P"%^;= E5ﬂ"_:O*^-H*D^5#(! 2ﬃUK6 #-25#BC 
(+*, UK65ﬂ"9^-_GL$'ﬃp(!*,P"p(!*, #"9^"NQmu1`&6-/ (!*, 2&·at\*q5E01 U3q57ﬃ!(+^-/`3657(+ #;hﬀ&I"9 201 2ﬃW57D3,ﬃ!$#¸! E-/(H"
5#&6;M(! E5ﬂ-H*,ﬀ&,¦5ﬂ"+"Jﬀ'&,BC 2&(H"5#(O(!*, 4u1 #-/(+ﬀ$'&C$7G´gh #;^-25#Dui(H57(+^"9(!^-A"/,5#&6;Ct57B¹&,$#:
D`$1$ﬂXﬀ&,UGL$ﬂﬃ+:O57ﬃW;h(!$V-N$ﬂ&(!ﬀ&ﬁ, #;C:$ﬂﬃ!XV*, Aﬃ! %`&85#&8 2@=3q57&6;=`&,ﬂﬃ!$'ﬁ,3I:Oﬀ(!*¯"Jﬁ,36 2ﬃ+K
-/$'DﬀD` #57'ﬁ, #"T5#&6;:$ﬂﬃ+XC 2&0=`ﬃ!$ﬂ&BC 2&(2Q
tr:OP"J*(!$%(+*657&XCr A(!(! Aﬃ\b5'57X1 1t&,ﬂ º 2D`D^57&q;1§a¸H7ﬃ+&Vg87D`Dﬀ 2ﬃA1`D^"®b6P;Cºw¸!$ﬂﬃ+(2
RT*,$'ﬃ! Swﬂ AD^57&q;U57&6;»h¼5#ﬃ! 
µ
"9&, #"GL$'ﬃ®Bc57&|p*, 2D`3=GLﬁ,Dﬃ! 2BV5#ﬃ!X"r5#&6;-/$ﬂ&6"9^;= AﬃH57(+ﬀ$'&6"/Q
r A(!(! Aﬃ_b5'57X1 *65ﬂ"4Kk A 2&8(!*, UK6 #"9("Jﬁ,36 2ﬃ+0=P"J$ﬂﬃtp-N$ﬂﬁ,DP;hﬂ 2(Ar5#&6;8ﬀ(pP"F:O`(!*8'ﬃ! #5#(
3,D` #5ﬂ"9ﬁ,ﬃ! Ftd&$7:½Dﬀ$1$ﬂX]K65ﬂ-HXM$'&VBM|%[6ﬃW"J(O'DﬀﬀB]36"J S$7G´(!*, "9(H57(+^"9(!^-A57Dﬃ+ #"J E57ﬃH-H*M[6 AD^;Q
s&q;_D^5'"J(K,ﬁ,(&,$ﬂ(´Dﬀ #5'"J(2it57DP"J$p:OP"J*U(+$p"9 2&6;U5S"J36 #-/P57D(!*65#&,X,"(!$4ºp5#ﬃH5#D^;_I 2 #;$ﬂ&a






















































































































































n?> 2ﬃ! 2&(T E"J(!`BV57(+ﬀ$'&CBC 2(+*,$;,"
¨
µ















































































































































































qﬁ&6-/(!`$ﬂ&6"®GL$'ﬃ\GLﬃ+ #­1ﬁ, 2&(!^"9(T #"9(!`BV57(+ﬀ$ﬂ&]57&q;(! E"J(!`&, Q4QQ_QQ4Q%Q4Q
fAyﬂ











































; <>= Ù@? Þ.ÛBA C D
g857(!* 2BV57(+^-2""J 2 ABV"®(+$U 2&6;=$#:$'&, 4:Oﬀ(!*."9$ﬂBC 2(+*,ﬀ&UDﬀﬀX1 5U&, 2:½"J 2&6"9 1Q
l*65#ﬃ!Dﬀ E"Onp57ﬃ+:Oﬀ&~
f'yﬂE¨WfﬂŁ1
nﬁ,ﬃ+ﬀ&,V(+*, MDP5ﬂ"9(%; #-25ﬂ; 1a(!*, BCﬀ@ #;V /> #-/(H"pBC$; 2Dw*65'"FK6 #-N$ﬂBC U$'&, M$#GS(!*, 
BC$i"J(pﬁq"J #;"9(H5#(!^"9(!P-257DBC$;= AD^"`&	BC E;=^-25#Dwﬃ! E"J #5#ﬃH-H*aQCRaﬃH5';=ﬀ(+ﬀ$ﬂ&q57DﬀD`|1a #"J(+ﬀBV5#(!`$ﬂ&
`&UBCﬀ@ #;_ N> E-/(H"wBC$;= AD,*65ﬂ"TK6 2 A&C;=$'&, Sﬁ6"J`&,U;=?> 2ﬃ! 2&(wXﬀ&6;"d$#G´­ﬁq5ﬂ;=ﬃW57(!P-"9ﬁ,BV"
BC A(!*,$;,"NaK,ﬁ,(%:O`(!*Iﬀ&6-Nﬃ! #5'"J #;-N$ﬂBC3,ﬁ(!ﬀ&C36$7: 2ﬃU5#&6;	&, A:¹"J$7GL(9:ª57ﬃ! irBC 2(+*,$;,"






RT*,P"\ﬃW57^"9 #"S"J 201 2ﬃW57D­1ﬁ, #"9(!ﬀ$'&6"S57K6$ﬂﬁ,((!*,  FEV-Nﬀ 2&6-N|M$#G(!*, ¦;=Z> 2ﬃ+ 2&(O #"J(+ﬀBV5
¨
(+ﬀ$ﬂ&UB] 2(!*,$;"/ﬂK6$ﬂ(+*M' 2&, 2ﬃW57D`Dﬀ|57&6;Uﬃ! AD^57(+ﬀ01 (!$p #5'-*U$'(!*, Aﬃ2Qw,$'ﬃT"9$ﬂBC  #"J(+ﬀBV5#(!`$ﬂ&
BC A(!*,$;,"O:T U*q5E01 ¦57&65#Dﬀ|(!P-257D´"J$'Dﬀﬁ,(+ﬀ$ﬂ&q"GL$'ﬃp(!* ;=^"9(!ﬃ!`K,ﬁ,(+ﬀ$ﬂ&q"/K,ﬁ(p:Oﬀ(+*8ﬁ,&=Kq57D
¨
5#&6-/ #;°;= #"J`ﬂ&6"NO57&q57Dﬀ|(!P-h"9$ﬂDﬀﬁ(!ﬀ$'&6"MK6 #-/$'BC V01 2ﬃ!|{*657ﬃW;z$ﬂﬃﬀBC36$1"+"J`K,Dﬀ V(!$I[6&6;Q












QVb57(+ 2ﬃ2a(!* 2ﬃ! U*65201 Kk A 2&8BV57&|.57ﬃ+(!^-NDﬀ #"
$'&C$ﬂ(+*, 2ﬃO"936 #-/^5#D-25ﬂ"9 #"/:O*,^-H*M$#GL(! 2&]:O*, 2ﬃ! K65ﬂ"9 #;M$ﬂ&c5%"J36 #-N^57D·573,3Dﬀ^-A57(!`$ﬂ&a1K,ﬁ(






`&=(+ 2ﬃ! #"9(!`&,Mﬃ+ #"JﬁDﬀ(H"NK,ﬁ,("9$ﬂBC ­1ﬁ, #"9(!ﬀ$'&6"p"9(!ﬀD`Dwﬃ! ABV57`&aQ
µ
&, U A@,5#BC3,Dﬀ 4$#GO(!*^"p^"
(+*, 36 2ﬃ9GL$ﬂﬃ+BV57&6-N O$7G(!* 
¥
ﬀKK6"T"+57BC3,D` 2ﬃ2QsO((!*, S(!`BC T$#Gu1:O5#DﬀDﬀ$#: gh$'&657*q57&a«ß"
5#ﬃ!(!P-/Dﬀ U(+*,^"p #"9(!`BV57(+$ﬂﬃ4:O5'"%57D`BC$1"9(4ﬀ&I&,$h3,ﬃW5ﬂ-/(+^-25#Dﬁ6"J 1K,ﬁ,(4ﬀ(4*65'"U"J`&6-/ (!*, 2&
K6 #-/$'BC V­1ﬁ,ﬀ(+ h36$ﬂ3ﬁ,D^5#ﬃ2Q
µ
(+*, 2ﬃ]-/ 2&(!ﬃH5#DS­ﬁ #"J(+ﬀ$ﬂ&q"C57ﬃ+^"J ¯57ﬃ+$ﬂﬁ,&6;z(+*, 8;Z> 2ﬃ! A&=(
(+ #"J(+ﬀ&,4BC 2(+*,$;,"wﬁ6"9 #;Mﬀ&BC`@= #;4 /> #-/(W"dB]$;= 2D^"NQwRa$;,52|M(+*, S5#D^;M(+ #"J(^"ﬀBC3Dﬀ 
¨
BC A&=(+ #;m`&."J 201 2ﬃW57D"9(H57(+^"9(!^-A57Da365'-X'57' #"/6K,ﬁ,(S^"O(!*^"O5M'$1$;8-*,$'^-/ 
(
~ô 1Q,QOn$1 E"




$#G(!*,P""9(!ﬁ6;|h^"O(!$]"J* #;8"J$'BC 4Dﬀﬀ'*=(O$'&8(!*, E"J U­1ﬁ, #"9(!`$ﬂ&6"N5#&6;h(!$]-/$ﬂB] _ﬁ38:Oﬀ(!*




Ø L MON Û	ÝQP R
S
ÚYÛPÙTC A UÛV<rÙ Ú Û	Ù PBM÷Ú C ÙW= M<Ú C
= <%X ÝYC Ý[Z ÝYUÛÞ = Ù\C ÝY]wÞ















^"T(+*, 43657ﬃW57BC 2(+ 2ﬃT01 E-/(!$'ﬃ2Q
g












~OQ Q®`&6;= 236 2&q;= 2&(T&,$'ﬃ!BV5#Da;=P"J(!ﬃ+ﬀK,ﬁ(! #;C 2ﬃ+ﬃ!$ﬂﬃO(+ 2ﬃ!Bc"/Q

sp"O:T ¦-257&I"9 2 1(+*, %BC$; 2Da^"Kq5ﬂ"J E;h$ﬂ&8ﬀ&q;= 236 2&6;= A&=(S$ﬂK6"9 2ﬃ!0'5#(!ﬀ$'&6"/QRT*,P"^"
5hﬃ+ 2Dﬀ 20'5#&=(BC$;= 2DGL$ﬂﬃ]"J$ﬂB] V"J`BC3,Dﬀ ];= #"9ﬀ'&6"/K,ﬁ,(U`&)Bc57&|	3,ﬃW5ﬂ-/(+^-25#DO-25'"J #"U:T 
*65201 ;,5#(H5C(!*65#(4;=$V&,$'(GLﬁ,DZ[qDﬀDa(!*^"p5'"!"JﬁBC3,(!`$ﬂ&aQ
µ
&, -/D^5'"!"9^-25#Dr 2@57B]3,Dﬀ 4$7G(+*,^"
P"Fﬃ+ 236 #57(+ #;BC #5'"Jﬁ,ﬃ+ 2BC 2&1(W"/:O*, Aﬃ! C: Cﬀ&B]$1"J(-25'"J #"%:O`DﬀD*65201 ]57&±ﬀ&6;ﬀ0^;=ﬁ65#D
 /> #-N(T(!*q57(-/ﬃ! #5#(! #"O; 236 2&6;= 2&(O$ﬂKq"J 2ﬃ+0ﬂ5#(!`$ﬂ&6"NQ
µ
&, "J$'Dﬀﬁ,(+ﬀ$ﬂ&.(!$C(+*,^"T3ﬃ!$ﬂKDﬀ 2BÜ-/$'ﬁ,D^;CK6 %(+$Cﬀ&6-NDﬀﬁ6;= (!*, ﬀ&6;=`0=P;=ﬁ65#D /> #-/(Sﬀ&
(+*, %365#ﬃH5#BC 2(! AﬃH"/QSRT*,P"\P"p;=$'&, %K|Vﬂﬀ0ﬀ&C #5ﬂ-H*h`&6;=`0=P;=ﬁ657Da`(H"O$#:O&83657ﬃW57BC 2(+ 2ﬃH"N

f2y |}ﬀ}~F20:H:0
"J$ﬂB] 2(!*,`&,(!*65#(pﬀ&83,ﬃW5ﬂ-/(+^-/ Dﬀ #5';,"(+$C01 2ﬃ!|VBV5#&=|V365#ﬃH5#BC 2(! AﬃH"/QRT*,^"-257&{"J$'BC 
¨
(!ﬀB] #"T:T$'ﬃ!XCGL$ﬂﬃ4;57(H5C:O`(!*8BV5#&=|Cﬃ+ 23,D`^-25#(!ﬀ$'&6"/6K,ﬁ,(ﬀ&hB]$1"J(-25'"J #": U"9$1$ﬂ&ﬃ+ﬁ,&
ﬀ&(!$3,ﬃ!$'K,Dﬀ 2Bc"\$#GT$#01 2ﬃ+3657ﬃW57BC A(!ﬃ!`¤#57(+ﬀ$'&aQSRT*, #"J U3ﬃ!$ﬂKDﬀ 2BV"S57ﬃ+^"9 5ﬂ": U #"J(+ﬀBV5#(! 
5hD^57ﬃ+ﬂ V&ﬁ,BMK6 2ﬃ4$#Gp365#ﬃH5#BC 2(! AﬃH"FGLﬃ+$ﬂB 5hﬃ+ 2D^5#(!`01 2Dﬀ|I"9BV57D`DT;57(H5'"J 2(AQ±RT*, V5';,;= #;
3657ﬃW57BC 2(+ 2ﬃH"Oﬀ&q-/ﬃ! #5'"J (!*, Uﬁ,&q-/ 2ﬃ!(W57`&=(9|Vﬀ&8(+*, UBC$;= 2Dv5#&6;h:Oﬀ(+*hGL 2: ﬃ! 236 2(+ﬀ(+ﬀ$ﬂ&q"
GL$ﬂﬃS #5ﬂ-H*h`&6;=ﬀ0^;ﬁ657Da(+*, 4BC$;= 2Da:O`DﬀDa$7GL(+ 2&W-/$ﬂD`D^5#36"J 
©
:Oﬀ(!*$ﬂﬁ,(Sﬂ`0=`&,C5#&=|V'$1$;
 #"J(+ﬀBV5#(! #"rGL$ﬂﬃS(!* _3q57ﬃH5#BC 2(+ 2ﬃH"NQ
s"r$#01 2ﬃ!365#ﬃH5#BC 2(!ﬃ+ﬀ¤#5#(!`$ﬂ&pD` #5201 #"(+*, S"J(W57&6;57ﬃH;UBC 2(+*,$;_ﬁq"J 2D` #"!"aﬀ&UBV5#&=|3,ﬃH5'-
¨
(!^-A57D6-25'"J #"N=: Bﬁ6"J(´Dﬀ$1$ﬂXUGL$ﬂﬃ$ﬂ(+*, 2ﬃBC 2(+*,$;,"w(!*65#(TK6 2(+(! 2ﬃﬀ&6-/D`ﬁ6;= S;= A3k A&6;= 2&6-Nﬀ #"
GLﬃ!$ﬂB ;= #"J`ﬂ&6"O"9ﬁ6-H*h5'"\ﬃ+ 236 #57(+ #;CBC #5'"Jﬁ,ﬃ+ 2BC 2&1(W"/Qt&(+*,^"O-H*65#3,(! 2ﬃA=: p:OﬀD`Dﬂ`01 45
K,ﬃ!` /Gﬀ&(!ﬃ!$;ﬁ6-/(!`$ﬂ&I(!$.(!*, BCﬀ@ #;C /> #-/(W"pBC$;= 2DP"/a(!*65#("J$ﬂD`01 #"p(!*,P"p3,ﬃ!$'K,Dﬀ 2BÜK=|
5ﬂ;,;=`&,]"J$]-257D`Dﬀ #;MﬃW57&6;$ﬂB /> #-/(W"T(!$U(!* %"9(H5#&6;,57ﬃW;hﬃ! 2'ﬃ! #"+"J`$ﬂ&VBC$;= 2DvQ
  Ł





u1(H5#(!^"9(!P-2"w$7GL(! A&M`&=01$'Dﬀ01 O; #57D`ﬀ&,4:Oﬀ(+*Mﬃ+ 236 #57(+ #;UBC #5ﬂ"9ﬁ,ﬃ! ABC 2&(;,57(W5=Qtý(-/$'ﬁ,D^;UK6 
;,57(W5FGLﬃ!$'B0'57ﬃ!`$ﬂﬁ6"w[6 2DP;,""Jﬁ6-H*C5'"®BC E;=^-/`&, 12 #-N$ﬂ&,$'BC^-2"57&q;MK,ﬀ$'Dﬀ$'ﬂ|1QRT*,P"-/$ﬂﬁ,DP;
(J|3,P-257D`Dﬀ|VK6 V"!5#BC3,Dﬀ E"$#01 2ﬃ4(!ﬀB] _GL$ﬂﬃ #5ﬂ-H*Iﬀ&6;=`0=P;=ﬁ65#DQ
µ









uiﬀ&6-/ S;57(H54-25#&MK6 SBC$;= 2D` #;_`&UBV57&|U;Z> 2ﬃ! A&=(:O52|"/1:T O*65201 O(+$_Bc57X1 O"9$ﬂBC 
5ﬂ"!"9ﬁ,BC3,(+ﬀ$'&6"Tﬃ! 2i57ﬃW;=ﬀ&,U(+*, pﬁ,&q;= 2ﬃ!D`|=`&,%B]$;= 2D(+$U36 2ﬃJGL$'ﬃ!B5#&h5#&657D`|,"9^"NQg85E|K6 
(!*, UBC$i"J(p$'K=0ﬀ$'ﬁ6"pBC$;= 2D:T$'ﬁ,D^;hK6 (!$.5ﬂ"+"Jﬁ,B] U(!*65#(_ E5ﬂ-H*83k AﬃH"J$'&	*q5ﬂ"_*^"A*, 2ﬃW"
$7:O&{K65ﬂ"9^-UDﬀﬀ& #57ﬃ4-Nﬁ,ﬃ!01 1a:O`(!*{"J$ﬂB] U&,$ﬂP"J V5#ﬃ!$ﬂﬁ&6;	ﬀ(AQCtôGO: M&$7:¹5'"!"9ﬁ,BC U(!*q57(





;=^"9(!ﬃ!`K,ﬁ,(+ #;1:T p A&6-/$ﬂﬁ&=(+ 2ﬃ5%&,$ﬂﬃ+BV57D6Dﬀ`&, #5#ﬃ®B]ﬀ@ #;% /> #-/(W"





`¥_a`jom4^"T(+*, ;= #"J`ﬂ&I~-N$70'5#ﬃ!^5#(! 

Bc57(!ﬃ+ﬀ@$7G´(!*, p[6@ #;C /> #-/(W"/Q
g



















































ew@57BC3,D` p$7G´ﬃ! A3k E57(! E;cB] #5ﬂ"9ﬁ,ﬃ! 2B] 2&=(d;,57(W5=ölnoDﬀ 201 AD^"rGLﬃ!$'B5U-/Dﬀ`&
¨




 Ò_[ ljro)ÓO^"T(+*, ;= #"J`ﬂ&{~-/$#0'57ﬃ+^57(+ 

BV5#(!ﬃ!`@%GL$ﬂﬃS(!*, 4ﬃW57&6;=$'B< /> #-/(W"/Q
g
























	 -25#&5ﬂ"!"9ﬁ,BC w(+*657(Õ¡C*65'"¤2 2ﬃ+$OBC #57&·/K6 #-25#ﬁ6"J 57&|pBC E57&4-25#&4Kk `&6-/Dﬀﬁq;= #;
ﬀ&V(!* F[q@= #;C /> #-N(H"/Q
g
	 .-25#&°57D^"9$8:Oﬃ!`(! C(+*, VBC$;= 2D5ﬂ"Ne¯z8~ﬂßÑb#tFà

w:O*, 2ﬃ! ×à P"%(!*, C0'5#ﬃ!^5#&6-/ 
¨
-/$#0'57ﬃ!P57&6-N _Bc57(!ﬃ+ﬀ@$7G´K6$ﬂ(!*.(!*, 4ﬃW57&6;=$'B /> #-/(H"O5#&6;(+*, 4 2ﬃ!ﬃ+$ﬂﬃO(+ 2ﬃ!B8Q
g
RT*,^"aBC$;= AD7P":Oﬃ!`(!(! A&FGL$'ﬃa$ﬂ&, `&6;=ﬀ0^;ﬁ657Dv/K,ﬁ,(a`(a^"a5#D^"J$O36$i"!"J`K,Dﬀ (+$ 2@3,ﬃ+ #"!"
5_' 2&, 2ﬃW57D,GL$ﬂﬃ+BMﬁ,DP5\GL$ﬂﬃª57D`D,ﬀ&6;ﬀ0^;=ﬁ65#D^"NQwt&M(+*,^"-25'"J 11: Bﬁ6"J(´ﬃ! 236 #5#(T"9$ﬂBC 
$7G(+*, 4ﬃH5#&6;=$ﬂB /> #-N(H"T(! Aﬃ!BV""J 201 2ﬃW57D(!ﬀB] #"/Q
t&%(+*, S-/Dﬀ`&,^-A57Dspt9n_u4(+ﬃ!^5#D `:OﬀDﬀD1K6 S(!*, ª-/$#0'57ﬃ!P57(+ #"w-/$'&,&, #-/(+ #;%(!$(!*, O0^"9ﬀ(H"N
bC:O`DﬀDK6 O(!*, 3657ﬃW57BC 2(+ 2ﬃH"GL$ﬂﬃ´(!*, $701 AﬃH57D`D136$ﬂ3,ﬁ,DP57(+ﬀ$ﬂ&]-/ﬁ,ﬃ+01 57&6;fO(!*, BC #5'"Jﬁ,ﬃ+ﬀ&,
 2ﬃ+ﬃ!$'ﬃ57&6;°"J(!$-H*65'"J(!P-0'57ﬃ+^5#(!ﬀ$'&5#ﬃ!$ﬂﬁ&6;z(!*, VBC$; 2DQ°RT*,^"%P"m(+*, Vﬁ6"Jﬁq57DSDﬀﬀ& #57ﬃ
BC$; 2DT: *q5E01 ¯"J 2 A&)`&z(+*, Vﬀ&(!ﬃ!$;ﬁ6-/(!$'ﬃ!|°-/$'ﬁ,ﬃH"9 #"m`&"9(H57(+^"9(!^-A"/K,ﬁ,(Kk E-257ﬁ6"9 
: %*65201 Uﬃ! A3k E57(! E;hBC #5ﬂ"9ﬁ,ﬃ! ABC 2&(H"®: UBMﬁq"J(S 2@=(+ 2&6;h(+*, UBC$;= 2D´"J$'BC 2:O*65#(2Q4	 
f2Ł |}ﬀ}~F20:H:0




r:O*, 2ﬃ+  >p^"p(!* Cﬀ&(! 2ﬃW-/ 23,(F57&6; 
$
(!*, ]"JD`$ﬂ36 1Q8t&(+*, &, 2@(
-*65#3,(! Aﬃ2: 	:O`DﬀD4"9 2 I*,$#:}:T 8GL$ﬂﬃV(!*,P"BC$; 2D4-25#&BV5#X1 I"J$'BC 8 #"J(+ﬀBV5#(! #"U$7G
Kk$'(!*V(!* p36$ﬂ3,ﬁ,DP57(+ﬀ$ﬂ&."9Dﬀ$ﬂ36 1(!*, ﬀ&6;=`0=P;=ﬁ65#Dk0'5#ﬃ!^5#(!`$ﬂ&V5#&6;C(!*, p0'5#ﬃ!^5#(!`$ﬂ&C$#G #5ﬂ-H*
$ﬂK6"9 2ﬃ!0'57(+ﬀ$'&aQRT*,^"-/$'ﬁ,D^;4(J|3,P-257D`Dﬀ|SKk ﬁ6"J E;FGL$ﬂﬃ´$ﬂK6"9 2ﬃ!0ﬀ&,S /> #-/(W"$#G(J:$p;Z> 2ﬃ! A&=(












































































eR®|3,^-A57Dﬃ+ 236 #57(+ #;CBC #5'"Jﬁ,ﬃ+ 2BC 2&(H"w;57(H5%GLﬃ!$'B5-/Dﬀ`&,^-25#D6(!ﬃ!P57DvQ
sS&,$ﬂ(+*, 2ﬃ 2@,5#BC3,D` ®P"(+*, OBC #5'"Jﬁ,ﬃ+ 2BC 2&(6$7G|ﬀ 2DP;F`&U(! 2&(9|=36 #"r$#G:Oﬀ&(! 2ﬃa:O*, E57(





tý&V(+*,^"T 2@57B]3,Dﬀ S:T "J A _(+*657(S(!* _D`ﬀ&, E57ﬃS"J(+ﬃ!ﬁ6-N(!ﬁ,ﬃ+ _P"TBMﬁq-*BC$ﬂﬃ+ 4;=P"J(!`&6-/(A=:Oﬀ(+*
5M-/D` #57ﬃDﬀ`&, #57ﬃO(+ﬃ! 2&q;Q




(!ﬁ,ﬃ+ #"%5'"%"J A 2&	`&	[6'ﬁ,ﬃ! 
f
Q oQhRT*, E"J ];,57(W5857ﬃ! GLﬃ!$ﬂB 5hKﬀ$-H*, 2BCP-257D 2@3k Aﬃ!ﬀB] 2&=(
BC #5ﬂ"9ﬁ,ﬃ!`&,%01 ADﬀ$-/`(J|ﬀ&.-/ ADﬀD^":Oﬀ(+*h5#&6;:O`(!*,$'ﬁ,(S(!ﬃ! E57(!B] 2&=(K=|]wﬁ,ﬃ!$'BM|-/`&4âN657&6;













































































eOw@,5#BC3,D` p$7GB]ﬀ@ #;m N> E-/(H"S;,57(W5M:Oﬀ(+*.-/Dﬀ #5#ﬃD`ﬀ&, E57ﬃS"J(+ﬃ!ﬁ6-N(!ﬁ,ﬃ+ 1ö4÷pﬀ AD^;












































Qo,ed@57B]3,Dﬀ $7G;,5#(H5h"9ﬁ,ﬀ(W57K,D` %GL$ﬂﬃ5&$ﬂ&IDﬀﬀ& #57ﬃ4BC`@= #;C /> #-N(H"pBC$;= 2Dvö
 2D`$-/ﬀ(9|Uﬀ&.-/ ADﬀD^":Oﬀ(+*h5#&6;:O`(!*,$'ﬁ,(O(!ﬃ+ #57(+BC 2&(K=|Vwﬁ,ﬃ+$ﬂB|,-Nﬀ&aQ
fo
|}ﬀ}~F20:H:0


























Q Q Q Q
Ł'y
Q Q Q Q Q
Ł'y





enp57(W5U"Jﬁ,`(H57KDﬀ GL$'ﬃO5%ﬃH5#&6;=$'B-/$ﬂB]3k$'&, 2&(BC$;= 2Dvö=Sﬀ(!ﬃ+$ﬂ' 2&CBC #5'"Jﬁ,ﬃ+ 
¨
BC 2&(H"57D`$ﬂ&,(!*, ghP"!"JP"!"9ﬀ3,3,jOﬀ01 Aﬃ2Q
RT* TBC`@= #;O /> #-/(W"BC$;= 2D-N$ﬂﬁ,DP;_5#D^"9$pK6 ®' 2&, 2ﬃW57D`ﬀ¤2 #;p:O`(!*4$ﬂ(+*, 2ﬃ´;=^"9(!ﬃ!`K,ﬁ,(+ﬀ$ﬂ&q"
(!*65#&U(!*, &,$ﬂﬃ+BV57D~ôi57ﬁ6"+"J^5#&

QTui$ﬂBC -/$'BCBC$ﬂ&4 2@57B]3,Dﬀ #"6$7G(!*^"aﬀ&6-/D`ﬁ6;= K,ﬀ&,$'BC^5#D
57&6;hD`$ﬂﬂP"J(+^-4;=^"9(!ﬃ+ﬀK,ﬁ,(+ﬀ$'&6"/QSsD`Dﬀ&¯57D`D6(!*, 4BC`@= #; /> #-/(SBC$;= 2DaP"5"Jﬁ,36 2ﬃW"J 2(S$7G




1:Oﬀ(+*Cﬀ(W"®:O^; p"9 2(T$#G´;=Z> 2ﬃ+ 2&=(;=P"J(+ﬃ!ﬀKﬁ,(!`$ﬂ&6"NQ
¥
$1$;°"J$ﬂﬁﬃH-/ #"_GL$'ﬃ%D` #57ﬃ+&,ﬀ&,.BC$ﬂﬃ+ C5#K6$ﬂﬁ,(BCﬀ@ #;VBC$;= 2DP"/w5#ﬃ! 1eWRﬁ,(+$ﬂﬃ+^57DO`&
§Tﬀ$1"9(H5#(!^"9(!P-2"/ö6p"9ﬀ&,U(+*, 
¥
 2&, 2ﬃW57Db6ﬀ&, #5#ﬃSghﬀ@ #;Vgh$;= 2Da(+$C5#&657D`|,"9 %ﬁ,&K657DP57&6-N #;
























& -/$ﬂBCB]$ﬂ&."J36 #-/P57D-A5ﬂ"J U$#G(!*, UBC`@= E;c N> E-/(H"B]$;= 2D6^"S(!*, UﬃW57&6;=$'B} /> #-/(W"
BC$;= 2DvQrt&(!*,P"wBC$;= 2D,(+*, T[6@ #;U /> #-/(^"6¸!ﬁ6"9(T54-/$'&6"J(W57&(257&6;U(!*, SBC`@= #;4 /> #-/(W"
*65201 p&,$-/ﬁ,ﬃ+01 $'ﬃO$ﬂ(+*, 2ﬃT3q57(!(+ 2ﬃ!&·QRT*,^"TBC$; 2D6BV57X1 #"w(+*, p #"9(!ﬀBc57(!`$ﬂ&]"J$'BC 2:O*65#(
 #5ﬂ"9ﬀ 2ﬃA,57&q;cGLﬃ! E­ﬁ, A&=(+Dﬀ|U$-2-/ﬁﬃH"Oﬀ&V&657(+ﬁ,ﬃ! iQ
µ
&, 4 2@57B]3,Dﬀ O$#Gw(+*,^"TP"®(!* _ﬃ+ 236 #57(+ #;CBC #5'"Jﬁ,ﬃ+ 2BC 2&1(w$#Gw&ﬀ(!ﬃ+$ﬂ' 2&VDﬀ 201 2DP"rGLﬃ!$ﬂB
(!*, 4ghP"!"9^"!"9ﬀ3,3kﬃ+ﬀ01 2ﬃ¼üNQtý&](!*,P"® 2@57BC3Dﬀ O:T *65201 pﬃ! 236 #5#(! #;BC #5ﬂ"9ﬁ,ﬃ! ABC 2&1(H"aGLﬃ!$ﬂB
"J 201 2ﬃW57Dw3D^5ﬂ-N #"p57D`$ﬂ&,.(!*, ﬃ!`01 2ﬃ2·57&6;8:T$'&6;= 2ﬃ4K6$ﬂ(+*±57K6$ﬂﬁ(%(!* M0'57ﬃ+^5#(!ﬀ$'&	:O`(!*,`&



































































Qß=eww@57BC3Dﬀ T$#G´5pﬃH57&q;=$ﬂB¹-/$'BC36$ﬂ&, A&=(wB]$;= 2Döiﬀ(+ﬃ!$ﬂ' 2&UBC #5'"Jﬁ,ﬃ+ 2BC 2&(H"
GLﬃ+$ﬂB<(+*, gh^"!"9^"+"Jﬀ33,ajOﬀ01 2ﬃAQ
sp"4(!*, V;57(H585#ﬃ! Vﬁ,&K657DP57&6-N #;	:Oﬀ(+*V¸!ﬁ6"9(%$ﬂ& ﬃW57&6;$ﬂB  /> #-N(2r(+*,^"%B]$;= 2D^"
-25#DﬀD` #;C5%$ﬂ& 
¨






























b57(+ 2ﬃ2w: V"J*q57DﬀDﬁ6"J ](!*,P"_BC$;= AD®`&	$'ﬁ,ﬃ"J(+ﬁ6;=|I$7GF;=Z> 2ﬃ+ 2&(_ E"J(!`BV57(+ﬀ&,.5#&6;
(+ #"J(+ﬀ&,UBC A(!*,$;,"NQwRT*,P"\B]$;= 2DP"O-*$1"J A&h5'"\`(TP"TKk$'(!*I"9ﬀBC3,D` 1ﬂ36 2ﬃW"J3,P-/ﬁ,$ﬂﬁq"5#&6;
`&z:O^; #"J3,ﬃ+ #5ﬂ;zﬁq"J 1O:O*,`Dﬀ h`(V"J(+ﬀD`D3,ﬃ+$ﬂ36 2ﬃ+Dﬀ|-A57&ﬂ`01 hﬁ6"]"J$ﬂB] h*,`&=(W"m$#GU:O*65#(
*65#3,36 2&6"Oﬀ&V(!* _B]$ﬂﬃ! F-/$ﬂBC3Dﬀ 2@-25'"J #"T$#GBC`@= #;U /> #-/(BC$;= 2DP"/Q
f2 |}ﬀ}~F20:H:0
Ø L MON Û	ÝQP 	


ÞhÛV<Ö= M ÛV<rÙ Ú M<Ú C Û	Ý ÞhÛV<Ú  <Ú
= <%X ÝYC Ý[Z ÝYUÛÞ = Ù\C ÝY]wÞ







t&8(!*, U3ﬃ! 20ﬀ$'ﬁ6"p-H*6573,(+ 2ﬃp: U*65201 "J 2 2&8(+*, BC$;= 2DaGL$ﬂﬃpB]ﬀ@ #; /> #-N(H"/QRT*,P"
BC$; 2D-257&°"J Aﬃ!01 V5'"M58"9 2(!(+ﬀ&,hGL$'ﬃU(!*, V5#&657D`|,"9^"N®K,ﬁ(%GL$ﬂﬃ57&|3,ﬃW5ﬂ-/(+^-25#DTﬁ6"9 V$7G
(+*, hBC$; 2DT: h:OﬀD`DO&, 2 #;±BC 2(+*,$;,"%GL$ﬂﬃ #"J(+ﬀBV5#(!ﬀ&8(!*, .ﬁ,&,X&,$#:O&3657ﬃW57BC 2(+ 2ﬃH"NQ
"J(+ﬀBV5#(!`$ﬂ&Vﬀ&.BCﬀ@ #;M /> #-N(H"OBC$;= 2DP"\*65'"(!ﬃW5ﬂ;=`(!`$ﬂ&65#DﬀDﬀ|]Kk A 2&I;=$ﬂ& %K|h;Z> 2ﬃ! A&=(
Xﬀ&6;"$7G\­ﬁ65';=ﬃH5#(!P-M"9ﬁ,BV"BC A(!*,$;,"NaK,ﬁ,(4(!*, ];= 201 ADﬀ$ﬂ3BC 2&(Tﬀ&{-/$'BC3,ﬁ,(+ 2ﬃ36$#:T Aﬃ
*65'"C$ﬂ36 2&, #;ﬁ,3³&, 2:Ü3k$i"!"9ﬀK,`Dﬀﬀ(+ﬀ #"]"Jﬁ6-H*³5ﬂ"VDﬀﬀX1 ADﬀﬀ*$1$;)K65'"J #;³573,3ﬃ!$15'-* #"h5#&6;
¥
ﬀKK6""!57B]3,Dﬀ`&,,Q´tý&(!*^"-*q573,(+ 2ﬃ:T S:OﬀDﬀD6'ﬀ01 S5_Kﬃ!ﬀ NGaﬀ&(!ﬃ+$;=ﬁ6-/(+ﬀ$'&M(+$%(!* BC$i"J(











 ﬀﬁﬃﬂﬁ! #"%$&(')ﬂ*,+.-/103254687:9;ﬁ<+>=?+@ﬁBA<ﬂC3(A<ﬂD E
RT*, .(!ﬃW5ﬂ;=`(!ﬀ$'&657DBC 2(!*$;)$7GF #"J(+ﬀBV5#(!ﬀ&	ﬃW57&6;=$'B -/$'BC36$ﬂ&, A&=(W"mP"m(+*,ﬃ!$'ﬁ,ﬂ*³(!*, 
­1ﬁ65ﬂ;ﬃH57(+^-CGL$ﬂﬃ!Bc"m$#G4(!*, Is
µ
s(H5#K,Dﬀ 1Q½RT*, hKq5ﬂ"JP-hBC 2(+*,$;)P"m(+$ #­1ﬁ657DS(!*, 
$'K6"J 2ﬃ+01 #;U"JﬁB$#G"!­1ﬁ65#ﬃ! #"(!$4(!*, Aﬀﬃ 2@3k E-/(H5#(!ﬀ$'&a57&6;]"J$ﬂD`01 O(!*, S #­1ﬁ657(+ﬀ$'&6"®(+$F[q&6;
(+*, p #"9(!ﬀBc57(! E"/Q
µ








u1$ﬂﬁ,ﬃW-/ 4$7G´0'57ﬃ!P57(+ﬀ$ﬂ& n Aﬂﬃ! A #"T$7GGLﬃ! 2 E;=$ﬂB u1ﬁB$#G"+­ﬁq57ﬃ! E" w@=36 #-N(! #;CBC #5#&
"JﬁB$#G"+­ﬁq57ﬃ! E"
































































ds² #"9(!`BV57(+ MGL$ﬂﬃ "%$
{
T: C[6ﬃH"9(M #­1ﬁ65#DO(!*, V:Oﬀ(+*,ﬀ&°"9ﬁ,B $7G




















































s #"9(!ﬀBc57(! ]K=|ﬁq"Jﬀ&	(+*, 8"9ﬁ,B $7G










































































































RT*,P"MK65ﬂ"9^-8BC 2(+*,$;):$ﬂﬃ!X"C:T 2D`D\GL$'ﬃCK65#D^57&q-/ #;³;= #"J`ﬂ&6"NQ&6; 2ﬃC&,$'ﬃ!BV5#Dﬀﬀ(9|
5'"!"JﬁBC3,(!`$ﬂ&6"w`(wﬂ`01 #"rﬁ6"(!*, SK6 #"J(­1ﬁ65ﬂ;=ﬃW57(+^-Oﬁ,&=K^5ﬂ"9 #;U #"J(+ﬀBV5#(!$ﬂﬃª~ô 1Q,Qr(+*, Sﬁ,&=K
¨
5'"J #;C­1ﬁ65';=ﬃH5#(!^-pK65'"J #;C #"9(!`BV57(+$ﬂﬃ:Oﬀ(+*C(!*, F"JBV5#DﬀDﬀ E"J(0'57ﬃ!P57&6-N 

57&6;C^"ﬀ&V5#DﬀBC$i"J(
5#DﬀDO-A5ﬂ"J E"% #5ﬂ"9|(!$I-/$'BC3,ﬁ,(+ 1Q8t&°5ﬂ;,;ﬀ(!`$ﬂ&±ﬀ(¦;=$1 #"%&,$'(C; 236 2&6;	$'&57&|I&,$ﬂﬃ+BV57D
;=P"J(+ﬃ!ﬀKﬁ,(!`$ﬂ&V5'"!"JﬁBC3,(!`$ﬂ&6"wGL$ﬂﬃO(+*, pK65'"J^-p #"9(!`BV57(+ﬀ&,4(!* 2$ﬂﬃ+|1,5#&6;Cﬂﬀ01 E"®ﬁ,&K,^5'"J #;








º$#: 201 2ﬃ2aGL$ﬂﬃUﬁ,&K65#D^57&q-/ #;±;= #"9ﬀﬂ&q"m(+*, VK65ﬂ"9^-Vsp
µ
ds²BC A(!*,$;±;=$1 #"U&,$'(Uﬂﬀ01 





(+*,ﬃ! 2 ];=?> Aﬃ! 2&(4BC 2(!*$;,"p$7GSﬂ A&, 2ﬃH5#Dﬀ`¤2ﬀ&,V(+*, Vsp
µ
s 5#3,3,ﬃ!$i5ﬂ-H*±(!$8; #57D:Oﬀ(!*
ﬁ,&K65#D^57&q-/ #;CBC$;= 2DP"/QRT*, E"J %B] 2(!*,$;"T*65201 _K6 2 A&&q57BC #;Vº A&6;= 2ﬃW"J$ﬂ&.gh 2(+*,$;htH
t+tO57&6;8t+t!tT$ﬂﬃ #"J(+ﬀBV5#(!ﬀ$'&hK65'"J #;h$'&IR®|36 t6t+t5#&6;8t!t+tO­ﬁq5ﬂ;=ﬃW57(!P-_GL$ﬂﬃ+BV"/QRT*, 2|
;=?> 2ﬃp$ﬂ&Dﬀ|hK|h(+*, ]­ﬁ65';=ﬃH5#(!P-2"ﬁ6"9 #"pﬀ&8(!* M #"9(!`BV57(+ﬀ$ﬂ&.3,ﬃ!$-N #"!"NQM§T ADﬀ$#::T :OﬀD`D









º A&6;= 2ﬃW"J$ﬂ&IR|=36 ]tﬁ6"9 #"4­ﬁ65';=ﬃH5#(!P-¦GL$'ﬃ!BV"(+*657(¦57ﬃ+ C5#&657D`$ﬂh(+$h(+*, U$ﬂ&, ]ﬁ6"J #;8ﬀ&
"9(H57&q;,57ﬃW;M5#&657D`|,"9^"w$7G0'57ﬃ+^57&q-/ 1Qw,$'ﬃ®(+*, Oﬁ,&K657DP57&6-N #;%ﬃH5#&6;=$ﬂB N> E-/(H"rB]$;= 2D:Oﬀ(!*
_
f







s E"J(!`BV57(+ %GL$ﬂﬃ "%$
{
:T ]57i57ﬀ&{ #­ﬁq57D(!*, :Oﬀ(+*,ﬀ&{"JﬁB}$7G
























a(!$Vﬂ 2(4(+*, U #"J(+ﬀBV5#(! 4GL$ﬂﬃ4(!*, 



























u1$ﬂﬁ,ﬃW-/ 4$7G´0'57ﬃ!P57(+ﬀ$ﬂ& u1ﬁB<$7Gd"!­1ﬁ657ﬃ+ #" w@36 #-/(! E;"9ﬁ,B<$#G"!­1ﬁ657ﬃ+ #"













































ecuiﬁ,Bx$#G"!­1ﬁ657ﬃ+ #"_GL$ﬂﬃﬁ,&K657DP57&6-/ E;	ﬃH5#&6;=$ﬂB  /> #-/(W"_BC$; 2DQ.²P"_(+*, 









,: pﬁ6"J 4(+*, "!57B] pBC 2(+*,$;C5ﬂ"TGL$ﬂﬃO(+*, 4K657DP57&6-N #;
-25ﬂ"9 157&6;C"9 2(w(+*, K6 2(9: 2 2&"JﬁB$7G´"!­1ﬁ65#ﬃ! #"w #­1ﬁ657D6(+$_`(H"w 2@36 #-/(H5#(!`$ﬂ&aQ´p"J`&,4(!*,P"






























































t&U(+*,^"a 2@57BC3,D` (!*, ª­ﬁ65';=ﬃH5#(!P-®GL$ﬂﬃ!Bc"r5#ﬃ! S"JﬁB $7G·"+­ﬁ65#ﬃ! #"NﬂK,ﬁ,(´ﬀ&"J$'BC T$'(!*, Aﬃ
-25ﬂ"9 #"rºS #;= 2ﬃW"J$ﬂ&¦gh 2(!*$;Utkﬂ`01 #"aﬁ6"r­1ﬁ65';=ﬃH5#(!^-wGL$ﬂﬃ+BV":O*^-H*%5#ﬃ! &,$ﬂ(w&$ﬂ&
¨
&, 2i57(!`01 
;= /[6&,`(! 157&6;V*, 2&6-N 457DP"J$&,$ﬂ("Jﬁ,B÷$7Gd"!­1ﬁ657ﬃ+ #"/Q
s"m(+*, .sp
µ
s¹ #"J(+ﬀBV5#(!$ﬂﬃ4GL$ﬂﬃCKq57D^5#&6-/ #;°;= #"9ﬀﬂ&q"/Oº E;= 2ﬃH"9$ﬂ&°gh 2(+*,$;zt%P"
ﬁ6"Jﬁ65#DﬀD`|V­ﬁﬀ(! 4 #5'"J|C(+$C-N$ﬂBC3,ﬁ(! 1Q´tý(O:$ﬂﬃ+X,"T[6&, 4ﬀ&.0'57ﬃ!P57&6-N %-N$ﬂBC36$ﬂ& 2&=(BC$;= 2DP"/
K,ﬁ,(4-25#&8&,$ﬂ(Kk ﬁ6"9 #;hﬀ&.BCﬀ@ #;C /> #-/(W"\BC$; 2D^"NQ4RT*, UBC$;= 2D-A57&8ﬀ&I"9$ﬂBC :O52|"
Kk c5ﬂ;,5#3,(! #;(+$hBC`@= #;h N> E-/(H"~ôK|8(!ﬃ! E57(!`&,h(+*, M[6@ #;8 /> #-/(W"%5ﬂ"%ﬃW57&6;$ﬂB  2(H-ﬂQ










º 2&6;= AﬃH"J$'&8gh 2(+*,$;ht+t® 2@(! A&6;,"Sgh 2(!*,$;.t®(+$CBCﬀ@ #;U /> #-/(W"\BC$; 2DQt&h-N$ﬂ&6;=ﬁq-
¨
(!ﬀ$'&Vgh 2(+*,$;Vt!tH=: [6ﬃH"9(O(!ﬃ+ #57(O(+*, pﬃH5#&6;=$'B< /> #-/(W"O5ﬂ"®[6@ #;57&6;C(!* 2&V #"J(+ﬀBV5#(! 
(!*, p3q57ﬃH5#BC 2(+ 2ﬃH"K=|Dﬀ #5'"J(S"+­ﬁ65#ﬃ! #"NQw	 (!*, 2&Vﬁ6"9 4(!*, #"9 p365#ﬃH57B] 2(! 2ﬃW"®(+$!ﬃ! ABC$#01 
©
(!*, U[6@ #;h /> #-/(AK|I"JﬁK,(!ﬃW5ﬂ-/(+ﬀ&,V(!* M #"9(!`BV57(+ #;c[6@ #;8 /> #-/(p(+ 2ﬃ!B¯QUt&	(+*, M A&6;







1(!*,P"rBC #5#&6"(+ﬃ! #5#(!`&,·`×bdÛ I¡85'"[6@ #;
 /> #-/(H"N #"9(!ﬀBc57(!`&,
^





RT*,P"%BC 2(!*$;¶:$ﬂﬃ+X,"U:T 2D`DT$'&zBC`@= #;8 /> #-/(W"U;,57(W5þ:O`(!*°&,$	`&=(+ 2ﬃH5'-/(!`$ﬂ&K6 
¨
(9:T A 2&	[6@ #;±57&6;±ﬃH5#&6;=$ﬂB Gv5'-/(!$'ﬃH"/K,ﬁ,(:Oﬀ(!*±`&=(+ 2ﬃH5'-/(!`$ﬂ&K6 2(9:T A 2&±(! 2ﬃ+BV"/w(+*,^"
BC$; 2D'ﬀ01 #"TK,P5ﬂ"9 #; #"9(!`BV57(+ #"/Qº A&6;= 2ﬃW"J$ﬂ&.BC 2(+*,$;Vt!t®P"\ﬁq"Jﬁ65#DﬀDﬀ|Gv57ﬀﬃ+Dﬀ|C E5ﬂ"J|V(+$








º A&6;= 2ﬃW"J$ﬂ&³gh A(!*,$;³t!t+tmﬁ6"9 #"V­ﬁﬀ(! I5±;=?> 2ﬃ! 2&(V5#3,3,ﬃ!$i5ﬂ-H*(+*657&³(!* þ[6ﬃW"J(V(9:T$
BC A(!*,$;,"NQt&6"J(+ #5ﬂ;z$#GUﬁ6"9ﬀ&,°5#&657D`$ﬂ1"V(!$±(!* "9ﬁ,B $7Gm"!­1ﬁ657ﬃ+ #"MGLﬃ!$ﬂB "J(W57&6;,5#ﬃH;
5#&657D`|,"9^"w$7G·0ﬂ5#ﬃ!P57&6-/ iﬂﬀ(ﬃH5#(!*, Aﬃ®ﬁq"J #"-/$'&=01 2&(!`$ﬂ&65#D=D` #5ﬂ"9("!­1ﬁ657ﬃ+ #"57&65#Dﬀ|"J^"w$#G&,$ﬂ&
¨
$'ﬃ!(!*$ﬂﬂ$'&657Dd;,57(W5=QSt&h3,ﬃW5ﬂ-/(+^-/ 4(!*^"OBC #57&q"®[6(!(+ﬀ&,]57&.$701 Aﬃ!365#ﬃH57B] 2(! 2ﬃ+ﬀ¤2 E;mBC$; 2D
5#&6;V"Jﬁ,K
¨









º 2&q;= 2ﬃH"9$ﬂ&½gh 2(!*$;t+t!tM'ﬀ01 #"Mﬁ&=K,P5ﬂ"9 #;  E"J(!`BV57(+ #"M 201 A&ﬀ&³BCﬀ@ #;) N> E-/(H"
BC$; 2D^":O`(!*8`&=(+ 2ﬃH5'-/(!`$ﬂ&8K6 2(9:T 2 A&þ[6@ #;85#&6;	ﬃH5#&6;=$'B Gv5'-/(!$'ﬃH"/aK,ﬁ(%(!* 2ﬃ! UP"F&$
ﬁ,&^­1ﬁ, "J$ﬂD`ﬁ,(!`$ﬂ&VGL$ﬂﬃS(!*, ¦º 2&6;= AﬃH"J$'&8gh 2(+*,$;ht+t!tT #"9(!`BV57(+ 1QTRT*^"OKk E-257ﬁ6"9 %(+*, 2ﬃ! 
5#ﬃ! p(+$1$CBV57&|"JﬁBV"®$#G"+­ﬁ65#ﬃ! #"S520'57ﬀDP57K,D` 157&6;V(!*, Aﬃ! 45#ﬃ! 4&,$ﬃ!ﬁ,D` #"dGL$'ﬃO:O*,^-H*."J 2(
$#GS"JﬁBV"$7G\"!­1ﬁ657ﬃ+ #"_(+$Vﬁ6"J 1QRT*, Aﬃ! ^"457DP"J$V&,$.57&65#Dﬀ|(!P-m3,ﬃ+$1$7GS(+*657(4ﬀ(W"4"Jﬁ,BV"S$7G
"+­ﬁ65#ﬃ! #"*65201 S57&|%$ﬂ3(!ﬀBc57D3,ﬃ!$'3k Aﬃ!(!` #"GL$'ﬃ® E"J(!`BV57(+ﬀ&,O0'5#ﬃ!^5#&6-/ -/$ﬂB]3k$'&, 2&(H"N7K,ﬁ(
(+*, 4BC 2(!*$;c*q5ﬂ"O(!ﬁ,ﬃ+&, #;$'ﬁ,(S(!$Kk ¦­ﬁﬀ(! ﬁ6"J /GLﬁDr`&3ﬃH5ﬂ-N(!^-A57D5733,DﬀP-257(+ﬀ$ﬂ&q"/QRT*, 
BC A(!*,$;hP"_5#D^"9$8"J$'BC 2:O*65#(4BC$ﬂﬃ+ ;= 2BV5#&6;=ﬀ&(+$.-/$ﬂBC3ﬁ,(! U(+*657&B] 2(!*,$;Itp5#&6;
t+tK,ﬁ,(O:O`(!*V(!$;,52|«¬"TGv5ﬂ"9(p-/$'BC3,ﬁ,(+ 2ﬃH"(!*,P"T^"Tﬁ6"9ﬁ657D`Dﬀ|C&$M3,ﬃ+$ﬂK,D` 2B8Q
t&4$ﬂﬁ,ﬃ´"J`BC3,Dﬀ ´ 2@,5#BC3,D` r$#G5\$'&, 
¨
:O52|4ﬁ,&K657DP57&6-/ E;FﬃW57&6;$ﬂB  /> #-/(W"BC$; 2D2(+*,^"
5#3,3,ﬃ!$i5ﬂ-H*8ﬂ`01 #"p;=?> Aﬃ! 2&(\GL$'ﬃ!Bﬁ,D^5'"ªGL$'ﬃ4 #"J(+ﬀBV5#(!ﬀ$'&aQ_ui(!ﬀD`D6(!*, 5'-/(!ﬁq57Dw #"9(!`BV57(+ #"
5#ﬃ! 4ﬀ&V3,ﬃW5ﬂ-/(+^-/ p(+*, "!5#BC 1Q















3,ﬃ!$'36$1"J E;)5#&°57Dﬀ(+ 2ﬃ!&q57(!`01 U #"J(+ﬀBV5#(!`&,






&,$ﬂﬃ+BYﬁ,&6; 2ﬃp(!* Uﬃ! #"9(!ﬃ!P-/(!`$ﬂ&6"O(!*q57(4(!*, U E"J(!`BV57(+$ﬂﬃS^"
5­ﬁq5ﬂ;=ﬃW57(!P-FGL$'ﬃ!B$7G(+*, %$'K6"J Aﬃ!0'57(+ﬀ$ﬂ&q"p57&6;Vﬁ,&K,^5'"J #;QSt&V3,ﬃH5'-/(!P-/ 4(!*,P"\B] 2(!*,$;
:O`DﬀDO&, 2 E;)3,ﬃ+ﬀ$ﬂﬃW"mGL$ﬂﬃ]Kk$'(!*³(!*, .ﬃH5#&6;=$ﬂB -/$ﬂB]3k$'&, 2&(H"57&6;z Aﬃ!ﬃ!$'ﬃC(! Aﬃ!B8Q³p"9ﬀ&,
(+*, z8~'ß4b#tFà










ﬃW57&6;=$'B-/$'BC36$ﬂ&, 2&(H"O5#&6;(+*, 4 2ﬃ!ﬃ+$ﬂﬃO(+ 2ﬃ!B8Q
,$ﬂﬃ4$ﬂ& CDﬀ`&, #57ﬃ-/$'BMKﬀ&65#(!ﬀ$'&8$7GS(+*, MﬃW57&6;$ﬂB  /> #-N(H"ur(!*, ] #"J(+ﬀBV5#(!ﬀ$'&8^"
;=$'&, Cﬁ6"9ﬀ&,.(!*, c­ﬁ65';=ﬃH5#(!P-mGL$ﬂﬃ+BQ_pQkQ.,$ﬂﬃU(+*,^"­ﬁ65';=ﬃH5#(!P-mGL$ﬂﬃ+Bx: MD` 2(¹K6 
ŁﬂŁ FÂﬁF:H°J G
}H:0HG%×ŁﬁŁ:H°BI×KJﬀ0~DL












__9QSº 2ﬃ+ áàwﬃ+ /GL 2ﬃH"O(!$](!*, ¦-/$ﬂﬃ+ﬃ! 2DP57(!`$ﬂ&8BV5#(!ﬃ+ﬀ@UGL$ﬂﬃp(+*, 
ﬃH57&q;=$ﬂB /> #-/(ª-/$ﬂﬃ+ﬃ! #"936$ﬂ&6;=`&,C(+$[9Q




;= #;ﬁ6-/ #;p"9 201 2ﬃW57Dﬂ E"J(!`BV57(+$ﬂﬃW"kK65'"J #;4$ﬂ&%(+*,^"B] 2(!*,$;
GL$ﬂﬃ4"9$ﬂBC ¦-/$ﬂBCB]$ﬂ&.;= #"9ﬀﬂ&q"/Qsp":T "9 2 %`&8(!*, Aﬀﬃ57ﬃ!(+^-/D` 16(!*,P"BC 2(+*,$;h;=$1 E"F&$ﬂ(
*65201 O;=$pK6 "J$'Dﬀ01 #;4K=|4ﬀ(+ 2ﬃH5#(!`$ﬂ&aQ´RT*,^"rBc57X1 #"(+*, OBC 2(+*,$;_BC$'ﬃ! ª"Jﬁ,`(! #;_GL$'ﬃwD^5#ﬃ!ﬂ Aﬃ
;,57(W5ﬂ"J A(H"T(!*q57&h(+*, 4g	b¯57&6;VjSg	bh #"9(!`BV57(+$ﬂﬃH"ﬀ&(!ﬃ+$;=ﬁ6-/ #;ﬀ&C(+*, 4&, 2@(O"J E-/(!`$ﬂ&aQ
tý&¯5ﬂ;,;(!ﬀ$'&a(+*, g8t9_üpz;=$1 E"&,$ﬂ(ﬃ! #­1ﬁ,ﬀﬃ+ U5#&=|V&,$'ﬃ!BV5#Dﬀﬀ(9|V5'"!"9ﬁ,BC3,(+ﬀ$ﬂ&q"/57&6;
^"T(!* 2ﬃ! /GL$'ﬃ! pﬁq"J /GLﬁ,Da A01 2&C:O*, 2&.:T 4(!* _ﬁ&6;= 2ﬃ+Dﬀ|ﬀ&,¦;=^"9(!ﬃ!`K,ﬁ,(+ﬀ$ﬂ&q"O57ﬃ! 4ﬁ,&X=&,$#:O&aQ





3,ﬃ!`$ﬂﬃH"SDﬀ #5';,"p(!$C #"936 #-/^5#DﬀD`| E5ﬂ"J|¯-257DP-/ﬁ,DP57(!`$ﬂ&6"NQ%g8t9_üpz:O`(!*8(+*, #"J U3ﬃ!ﬀ$'ﬃH"457ﬃ+ 










tôGc;,57(W55#ﬃ! ±Bﬁ,Dﬀ(+ﬀ&,$'ﬃ!BV5#DﬀD?|³;=^"9(!ﬃ+ﬀK,ﬁ,(+ #;4(!*,P"þ E"J(!`BV57(+$ﬂﬃ.^"h(!* )ﬁ&=K,P5ﬂ"9 #;





57&6-/ E;þﬃW57&6;=$'B} /> #-/(W"p"J 2(+(!`&,,g8t_üpz'ﬀ01 #"Sﬁ6"p(!*, ]"!5#BC U #"J(+ﬀBV5#(! #"S5ﬂ"p(+*, 
sp
µ
s± #"J(+ﬀBV5#(! #"Nﬂﬃ! A157ﬃW;=Dﬀ E"!"®$#G(!*, F-*,$'^-/ S$7G3ﬃ!ﬀ$'ﬃH"NQtý&(!* pﬁ,&K657DP57&6-/ E;C-25ﬂ"9 
(!*, 4 #­1ﬁ657(+ﬀ$'&6"O57ﬃ+ % #5'"JﬀD`|C"9$ﬂD`01 #;C&=ﬁ,B] 2ﬃ!P-257D`DZ|iQ
g8t9_üp±-/$'ﬁ,D^;V5#D^"J$K6 U"9$ﬂDﬀ01 E;cﬃ+ #-/ﬁ,ﬃW"J`01 2Dﬀ|1'Dﬀ 2(+(!ﬀ&U(!*, 4 #"9(!ﬀBc57(!`$ﬂ&6"$7GDP5ﬂ"9(
ﬀ(! AﬃH57(+ﬀ$'&	K6 (!*, 3,ﬃ!`$ﬂﬃW"F$#GS(!*, &, 2@(p`(! 2ﬃW57(!`$ﬂ&aQ]&6;= Aﬃ_&$ﬂﬃ!Bc57Dﬀ`(9|h5'"!"9ﬁ,BC3,(+ﬀ$ﬂ&q"
(!*,P"TDﬀ #5';,"Tﬁ6"O(!$U(!* %jSg	b8 #"9(!ﬀBc57(! iQ





w: Cﬃ! 2B] 2BUK6 2ﬃ(+*657(U(+*, CBC`@= E;h /> #-/(H"4BC$;= 2Dve^h_ `cbVd
 I¡d×f,-/$'ﬁ,D^;MK6 p A@=3,ﬃ+ #"!"9 #;5ﬂ"T54BMﬁDﬀ(!`0'57ﬃ!P57(+ O&,$ﬂﬃ+BV57D;=P"J(!ﬃ+ﬀK,ﬁ(!ﬀ$'&z ~Í`cb#tFà


:O*, 2ﬃ! à{ﬀ&6-NDﬀﬁ6;= E"K6$ﬂ(+*M(+*, S0ﬂ5#ﬃ!P57&6-/ O$#Ga(+*, OﬃH5#&6;=$ﬂB N> E-/(H"w5#&6;U 2ﬃ!ﬃ+$ﬂﬃ(! 2ﬃ+B8QI 
&,$#: ﬁ6"9 U(!*, UD`ﬀX1 2D`ﬀ*,$1$;GL$'ﬃ_(+*, UBﬁ,Dﬀ(+ﬀ0'57ﬃ+^57(+ 4&,$ﬂﬃ+BV57D´;=^"9(!ﬃ+ﬀK,ﬁ,(+ﬀ$'&a(!$C[6&q;þ(+*, 















































































tôGO: MBV5#@=`BCﬀ¤A _(+*,^"pGL$ﬂﬃ(!*, CKq57D^5#&6-/ #;8ﬃH5#&6;=$'B  /> #-/(W"FB]$;= 2Da: Cﬂ 2((!*, 
"+57BC p E"J(!`BV57(+ #"T5'"\: ;= #;=ﬁ6-N #;MGL$ﬂﬃO(!* Usp
µ
s B] 2(!*,$;QTu1(!`DﬀDﬂGL$'ﬃ(+*, 4ﬁ,&=Kq57D
¨
5#&6-/ #;C-A5ﬂ"J E"®:T ﬂ 2(ª;=Z> 2ﬃ+ 2&=( #"9(!`BV57(+ #"/15#&6;MGL$ﬂﬃ(!*, #"9 4-25'"J #"T: p;=$U&$ﬂ(T' 2(S57&|
 2@3,D`^-/`(a57&q57Dﬀ|(!P-rGL$ﬂﬃ!Bﬁ,DP5=Qwu1$GL$'ﬃr(+*, Tﬁ,&K65#D^57&q-/ #;_B]$;= 2D1:T BMﬁq"J(aﬁ6"9 S"J$ﬂB] T"9$ﬂﬃ+(
$#G&=ﬁBC 2ﬃ!P-257DBC 2(+*,$;,"TGL$ﬂﬃ57&8ﬀ&(! AﬃH57(+ﬀ01 4"9$ﬂD`ﬁ,(!`$ﬂ&8$7Gd(!*,  #­ﬁq57(!`$ﬂ&aQt&h3,ﬃW5ﬂ-/(+^"J 






w01 2&UGL$ﬂﬃ­ﬁﬀ(! -/$'BC3,Dﬀ A@_B]$;= 2D^"N1BC$;= 2ﬃ+&C-/$'BC3,ﬁ,(+ 2ﬃH"ﬁ6"Jﬁ65#DﬀD`|%[6&6;M(+*, pg85#@
¨
`BMﬁ,B b6ﬀX1 2D`ﬀ*,$1$;% #"9(!`BV57(+ #"3ﬃ! 2(+(J|4Gv5ﬂ"9(25ﬂ"(!*, OD`ﬀX1 2D`ﬀ*,$1$;%`&UBC$1"9(-25ﬂ"9 #"w^"r E5ﬂ"J|
(+$%BV5#@=`BCﬀ¤N 1Q
µ
&, p A@,5#BC3,Dﬀ $7G´(!*,P"®P"®(!* pDﬀ`X1 2Dﬀ`*,$1$;¦GL$'ﬃT(+*, 4gh^"+"JP"!"J`3,3,6ﬃ!`01 2ﬃ2«ß"












,ﬀ(O*65'"5"JB]$1$ﬂ(!*V$'&, %(+$ﬂ3,36 #;VDﬀﬀX1 ADﬀﬀ*$1$;M(!*65#(O^"O #5ﬂ"9ﬀD`|MBV5#@=`BC?¤2 #;Q
qÄ ÅX+@ﬁBA´')ﬂ*Aﬃ+@=Æ (¢ﬂC¤£C ¥¦ﬂﬀ§#+@Dﬂ¨  = -sÅX ¥}7
sp"w: 4"J*65#DﬀD·"J 2 pDP57(+ 2ﬃ$ﬂ&V(!*, Fg857@ﬀBﬁ,Bb6`X1 2Dﬀ`*,$1$;M*65'"®$ﬂ& _$'K=0ﬀ$'ﬁ6"®: #57X&, #"+"/Q
§T #-A57ﬁ6"9 M$#GS(!*, C E"J(!`BV57(+ﬀ$'&	$#Gp(+*, m[q@= #;I /> #-/(H"Nwﬀ(4ﬂ`01 #"%5VBC$;= 2ﬃW57(+ CK,^5'"FGL$'ﬃ




"9ﬁ,ﬂ' #"J(+ #;M$ﬂ& pBC$;=?[-257(+ﬀ$'&M$#Ga(!* 4g857@ﬀBﬁ,Bb6ﬀX1 2D`ﬀ*,$1$;UBC 2(+*,$;U(!$U; #57D:Oﬀ(!*
(+*, 43,ﬃ!$'K,Dﬀ 2B¹$7GdK,^5'"J #;C #"9(!ﬀBc57(! E"/QwRT* _B] 2(!*,$;C*65'"\K6 2 A&&q57BC #;]jg	bQ6RT*,P"
ﬁ6"9ﬁ657D`Dﬀ|V"9(H5#&6;,"GL$ﬂﬃj\ E"J(!ﬃ+^-/(+ #;Vg857@ﬀBﬁ,B<b6ﬀX1 ADﬀﬀ*$1$;kKﬁ,(p5BC$ﬂﬃ+ %5#3,3,ﬃ+$ﬂ3,ﬃ+^57(+ 
(+ 2ﬃ!B:T$'ﬁ,D^;8K6 CjO #"9^;=ﬁ65#Dg857@ﬀBﬁ,BYb6`X1 2Dﬀ`*,$1$;5ﬂ"p`(p:T$'ﬃ!X"F$'&	(+*, ﬃ! #"9^;=ﬁ65#D^"
52GL(! 2ﬃO #"9(!`BV57(+ﬀ$ﬂ&(!* F[q@= #;C /> #-N(H"/Q
t&6"J(+ #5ﬂ;C$#GwBV5#@=`BC?¤2?&,4(!*, DﬀﬀX1 ADﬀﬀ*$1$;C5ﬂ"O5U:O*,$ﬂD` 1=`(O;=`0=P;= #"(!*, 4Dﬀ`X1 2Dﬀ`*,$1$;
`&=(+$h(9:T$8365#ﬃ!(W"/Q±RT*,P"%;=`0=P"Jﬀ$'&±^"%;$ﬂ&, ."J$I(!*q57(U(!* c[qﬃH"J(U3q57ﬃ!(UP"%ﬀ&0'57ﬃ!P57&(%(+$
(+*, h[6@ #;z /> #-/(Û`×bTS:O*,ﬀD` h(+*, 	ﬃ+ #"J(]^"V;= 236 2&6; 2&=(]$ﬂ&³`cbQp"J`&,(+*,^"N:T 
-25#&	 E"J(!`BV57(+ %(+*, m[q@= #;8 /> #-/(W"GLﬃ!$ﬂB}(+*, U365#ﬃ!(%(+*657(^"4;= 236 2&q;= 2&(p$ﬂ&V`×bT5#&6;
 #"9(!`BV57(+ #"·GL$'ﬃT(+*, ﬃW57&6;$ﬂB¹ /> #-/(H"rGLﬃ+$ﬂB(!* 365#ﬃ!((!*q57(TP"wﬀ&0ﬂ5#ﬃ!P57&(®(+$s`cbQwﬀ(!*
(+*,^"573,3,ﬃ+$15'-*V:T F-257&Vﬂ A(Tﬁ,&K,^5'"J #;C #"9(!`BV57(+ #"GL$ﬂﬃO(+*, pﬃW57&6;=$'B< /> #-/(W"/Kk E-257ﬁ6"9 
: ® E"J(!`BV57(+ w(!* ®ﬃW57&6;$ﬂB  /> #-/(W":O`(!*,$'ﬁ,(r(+*, 3,ﬃ!$'K,Dﬀ AB$#G6ﬁ,&6-N 2ﬃ!(W57ﬀ&p[6@ #;p /> #-/(W"/Q
t&C3,ﬃW5ﬂ-/(+^-/ S(!*^"Tﬂ`01 #""JD`ﬀﬂ*(!D`|C5';2¸!ﬁ6"9(! #;C #"9(!ﬀBc57(! E"r$7G´(!*, 4ﬃW57&6;=$'B-/$'BC36$ﬂ&, 2&(H"N









































d Maximum likelihood solution
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